Purpose: The apical seal provided by a root canal filling may be breached via coronal leakage. This study aimed to compare the teeth restored with custom-made cast metal posts and cores cemented with different luting agents in terms of coronal microleakage after thermocycling. Materials and Methods: This in vitro study was conducted on 32 extracted singlecanal teeth. Root canals were prepared by step-back technique and filled with gutta percha and sealer. The coronal 7 mm of gutta percha was removed, and post space was prepared using peeso reamers #2 and #3 consecutively. After fabricating the acrylic resin patterns of the posts and cores, they were cast using Ni-Cr metal alloy. The specimens were divided into 4 groups in which the castings were cemented using one of the following luting agents: zinc phosphate (ZP), glass ionomer (GI), Panavia F 2.0, and Speed CEM. After cementation, the teeth were immersed in distilled water and incubated for 7 days. Then, the teeth were subjected to thermocycling, immersed in silver nitrate for 6 hours, and finally sectioned. The degree of dye penetration into the coronal part of the specimens was measured using a stereomicroscope. Data were analyzed using Kruskal-Wallis and Mann-Whitey U tests with significance level of 0.05. Results: The median microleakage in ZP, Speed CEM, GI, and Panavia were 171.89, 114.76, 26.51, and 20 .02 µm, respectively. Pairwise comparisons among GI and ZP, GI, and Speed CEM, ZP and Panavia, ZP and Speed CEM, and Panavia and Speed CEM groups yielded significant differences (p < 0.05). Conclusion: Complete coronal seal was not achieved with any of the luting agents. The highest and the lowest degree of microleakage was yielded by ZP and Panavia luting agents, respectively.
Bacterial leakage into the root canal may occur through the apical foramen, external root surfaces, or crown (coronal microleakage). [1] [2] [3] [4] Microleakage is one of the factors that determines the longevity of indirect restorations. 5 In case of salivary contamination of the coronal portion of the root canal filling, bacteria and endotoxins may penetrate the entire root canal and reach the apical foramen within 3 weeks. [6] [7] [8] Endodontically treated teeth often have fractured or weak coronal structures. Therefore, the needed retention for coronal restoration must be provided from intracanal posts. Cementation of the post can decrease the risk of infection at the apical area. [9] [10] [11] [12] In this regard, the significance of sealing ability of luting agent in long-term success of indirect restorations has been proved. 13 The stress resistance (modulus of elasticity) of luting agents also affects their susceptibility to microleakage. 14 The chance of endodontic failure due to coronal microleakage is more than apical microleakage. 15 Therefore, it could be expected that the seal provided by a cemented post would be as efficient as a full-length root canal filling. Furthermore, the efficacy of the apical 3 to 5 mm of root filling in preventing apical leakage is significantly less than a full-length filling. 16 Accordingly, creating an isolated environment in time of preparation of post space and also post cementation is necessary. 16 Therefore, there is a concern about the occurrence of microleakage following substituting intracanal filling material with an intracanal post. Degree of microleakage depends on the hardness of the intracanal post, solubility of the luting agent, and retentive strength of the post. 17 The type of luting agent used for post cementation is important in retention and preventing bacterial microleakage. 18, 19 However, none of the currently available luting agents provide an ideal seal, and all luting agents have some degree of microleakage. 19 Most previous studies about the microleakage of different luting agents have been conducted on teeth restored with prefabricated posts; however, despite having many indications in restoring endodontically treated teeth, few studies on custommade cast posts exist. Therefore, the current study aimed to assess the coronal microleakage of teeth restored with cast post and cores cemented with four different luting agents. The null hypothesis was that there is no difference between different luting agents in terms of microleakage of cemented custom-made cast post and cores.
Materials and methods
A power analysis indicated a minimum of eight specimens was needed for each group to test the strength of the study hypothesis (statistical power of 80% and an error probability of 5%). This study was performed on 32 extracted mandibular single-canal canine and premolar teeth with no caries or restorations. Sixteen canines and 16 premolars were equally and randomly divided in four groups (each group contained 4 premolars and 4 canines) using a computer-generated random number table. The teeth were debrided after extraction and immersed in 0.5% chloramine-T solution for 1 week (for disinfection) and then were stored in distilled water. The crowns were cut at the cemento-enamel junction by a high-speed handpiece and diamond disc (D & Z Co., Wiesbaden, Germany). The working length was determined using a stainless steel K file (MANI Inc., Tochigi, Japan). Canals were enlarged three sizes larger than the initial file using the step-back technique. After the canals were dried with paper points, they were filled with gutta percha (Aria Dent, Tehran, Iran) and eugenol-free AH26 sealer (DeTrey Division, Dentsply Ltd., GmbH, Konstanz, Germany) using the lateral condensation technique.
Two days after the root canals were filled, the coronal 7 mm of the root canal filling was removed 20 using peeso reamers #2 and #3 consecutively. A pinjet and acrylic resin (Duralay; Reliance Dental Mfg. Co., Worth, IL) were used to make an impression from the prepared post space. A dome-shaped core with 3 mm height was also fabricated. The acrylic resin post and core was cast with Ni-Cr alloy (VeraBond, Fairfield, CA) using phosphate-bonded investment (Hinrivest KB, Type IV; Goslar Harz, Ernst Hinrichs GmbH, Goslar, Germany). The prepared posts and cores were sandblasted, and their adaptation to the canal walls was checked using fit checker material (Occlude; Pascal International, Inc., Bellevue, WA). The marginal fit of the casting on the prepared teeth was checked with an explorer under a stereomicroscope (SZX 12; Olympus, Tokyo, Japan) at 20× magnification. If a cast post became mobile or showed unacceptable adaptation at the margins, a new post was fabricated as described before.
The teeth and the fabricated posts and cores were cleaned with ethanol. The teeth were randomly divided into four groups for cementation using a computer-generated random number table. The luting agents used in this study were: (1) zinc phosphate (ZP) (Aria Dent), (2) glass ionomer (GI) (GC America Inc., Alsip, IL), (3) Panavia F 2.0 dual-cured self-etch resin (Kuraray Noritake Dental Inc., New York, NY), and (4) Speed CEM dualcure self-adhesive universal resin luting agent (Ivoclar Vivadent AG, Schaan, Liechtenstein). Cementations were done according to the manufacturers' instructions and at room temperature (23 ± 18˚C) and relative humidity (50 ± 5%).
After luting agent was applied to the post walls, the post was pressed for 10 seconds using finger pressure followed by application of a constant 5 kg load by a standard device in an occlusal direction for 5 minutes. 8 Excess luting agent was removed using a periodontal scaler. An oxygen-blocking gel (Oxyguard II; Kuraray America, Inc.) was used on the luting agent margins for 3 minutes in group 3 and then removed with a cotton roll and water spray according to the manufacturer. In groups 3 and 4, 20 seconds of light irradiation was performed on each side of the teeth at a light intensity of 800 mW/cm 2 using a light-curing device (Coltolux 75; Coltene Whaledent, Mahwah, NJ) according to the manufacturer. Ultimately, marginal fit of the castings was checked again with both visual inspection and an explorer.
After cementation, the teeth were immersed in distilled water and incubated at 37°C for 7 days. Next, the teeth were subjected to thermocycling (between 5 and 55°C; immersion time 20 seconds; transfer time 10) with 5000 cycles. Teeth apices were sealed with visible light-curing flowable composite resin to prevent penetration of silver nitrate apically (Crystal; Merck, Darmstadt, Germany). In addition, the entire root surface was coated with three layers of nail varnish except for 2 mm around the core margins. The external tooth surface was also covered with one layer of melted baseplate wax. The specimens were then immersed in 1 M of silver nitrate solution for 6 hours, washed, and immersed in a photo-chemical developing solution (Fomadent; Foma, Hradec Kralove, Czech Republic) for 12 hours. Next, the specimens were placed under a 150 W flood lamp for 6 hours. The teeth were then mounted in self-curing clear acrylic resin (Acropars, Marlic Medical Instruments CO, Tehran, Iran) and cut into halves in the mesio-distal direction using a CNC diamond saw (MTI Corp., Richmond, CA). The sections were evaluated under EZ40 stereomicroscope (Leica, Buffalo Grove, IL) at a resolution of 1024 × 768 pixels by one expert operator who was not informed about sample intervention allocation, to ensure blindness. The selected magnification was 2.44 µm = 1 pixel. The amount of microleakage was identified by measuring the linear dye penetration depth in a straight line from the dentin/luting agent interface starting from the core margins. One expert operator examined the specimens two times, and the intraexaminer agreement was 100%. 
Statistical analysis
Data were collected and analyzed using SPSS v18.0 (SPSS Inc., Chicago, IL). The median values were reported for the quantitative variables after evaluating their distribution using Kolmogorov-Smirnov test. Considering the sample size of 32 and the non-normal distribution of variables in each group, Kruskal-Wallis test was used to assess the statistical differences in four groups. For pairwise comparisons, Mann-Whitney U test was applied. The level of significance was set at 0.05.
Results
The median, minimum, and maximum values for microleakage variables in each group and between groups are shown in Tables 1 and 2 . The results of Kruskal-Wallis analysis revealed statistically significant differences in microleakage among the groups (p = 0.001). The highest median microleakage value belonged to the ZP group, followed by Speed CEM self-adhesive group. GI and Panavia groups had the lowest amount of microleakage. Using Mann-Whitney U test, pairwise comparison of the median microleakage values revealed significant differences between some groups (p = 0.001) ( Table 2 ). In comparison between ZP and GI groups, ZP showed higher microleakage. Additionally, the microleakage in the ZP group was significantly higher than in Panavia and Speed CEM groups. Moreover, more microleakage was observed in Speed CEM self-adhesive group as compared to GI and Panavia groups; however, the comparison between Panavia and GI groups had no statistically significant difference (p = 0.051).
Discussion
Coronal microleakage is affected by the post's properties, including its hardness and retention, 17 the amount of marginal gap, mechanical characteristics of the luting agent, and adhesion of luting agent to the tooth. 16, 21 However, coronal microleakage is more dependent on the adhesion between the intracanal post and dentin and less dependent on the physical properties of the post. 22 Therefore, selecting proper luting agents regarding their composition and properties are important factors to minimize the microleakage; however, there is no study about the effect of luting agents on microleakage of cemented cast Ni-Cr posts. Therefore, this study investigated the factor of luting agent type on microleakage of cast Ni-Cr posts. Since the quantitative method of measuring the microleakage is more precise and valuable, 23 the fluid filtration method (silver nitrate solution) was used in this study. To simulate the thermal changes common in the clinical situation and the resultant stresses, thermocycling was performed before immersion of the specimens in silver nitrate. 24 However, since the particle of silver nitrate solution is very small and has an acidic pH (approximately 4.2), 25 ammoniacal silver nitrate solution with pH of approximately 9.5 was used. 26 Since there was a significant difference between coronal microleakage of various luting agents used for cementing custommade cast posts and cores, the null hypothesis was not substantiated. According to the results, all four luting agents used in this study showed some degree of microleakage, which is in line with the results of previous studies. [27] [28] [29] Furthermore, this study showed that the highest and the lowest coronal seals were provided by Panavia and ZP luting agents, respectively. This finding is in agreement with the results of Allen et al's study. 30 In this study, Panavia F 2.0 resulted in the lowest microleakage, and thus it can provide an efficient seal for teeth restored with cast metal posts. This finding might be because Panavia as a resin luting agent is oil-based, and accordingly insoluble in oral fluids. In addition, it provides a higher bond strength to the enamel and dentin. 31, 32 To activate the self-etching mechanism of Panavia luting agent, applying the presented primer is necessary and produces a two-step application mode as compared to one-step application of Speed CEM luting agents. The resultant hybrid layer in the dentin is impermeable and resistant to acids, and thus it prevents microleakage. 33 Moreover, Speed CEM showed more microleakage than other luting agents capable of creating a chemical bond to the dentin (Panavia F 2.0 and GI luting agent). In self-adhesive luting agents such as Speed CEM, the acidic monomers are able to invade the dentin and create a bond between two substrates. 34 However, due to the inherently weak acidic nature of these monomers, the smear layer would not be removed, and hybrid layer and resin plugs in dentinal tubules would not be developed. 35, 36 Besides, their high viscosity and short contact time with the tooth before polymerization contribute to their higher microleakage level. 36, 37 Furthermore, differences in thermal expansion coefficients of the resin luting agent and the tooth/metal causes stresses at their junction with a potential for water infiltration during thermocycling. 38 Furthermore, the hydrolysis of the bonding agent at the interface due to heat of the water bath during thermocycling could lead to water leakage due to nonpolymerized monomers. 39 Based on the results of this study, the microleakage in the GI group was more than in the Panavia group. While not totally proven, the reason for this finding might be because the dentinal root canal walls were not treated with polyacrylic acid for smear layer removal. 40 Additionally, relative insolubility, stress e334 relaxation due to early water storage during thermocycling, high modulus of elasticity, high flexural strength, and stronger bonding potential of Panavia resin luting agent has to be considered for this finding. 21, 41, 42 Although GI and resin luting agents both are able to bond to the tooth and sometimes to the restoration, 43 an intermolecular contact is mandatory. This contact can be interrupted by porosities produced during mixing. 16 Moreover, creation of stress-induced microcracks due to luting agent shrinkage, and also during thermocycling can cause stresses that overcome the cohesive and adhesive strength of GI. 16 To preserve the moisture of the extracted teeth, and additionally simulate clinical situations, they had to be stored in water at a constant temperature throughout the study. This might have compromised the bond strength of GI to tooth structure.
The highest degree of microleakage was discovered in the ZP group (in comparison to GI, Panavia, and Speed CEM luting agents). Similar results were reported in previous studies. 44, 45 ZP showed the highest microleakage, which could be due to the lack of a chemical bond (despite other luting agents) and high solubility. 46 Acidic agents present in the luting agent formulation can demineralize the mineral phase of hydroxy apatite crystals present in the smear layer and in dentin; however, since ZP luting agent has a creamy consistency when mixed, it cannot completely penetrate into the demineralized dentin. 47 Therefore, it is possible that the exposed collagen fibers surrounded by the pores in the demineralized dentin undergo hydrolysis by the fluids. It could cause a gradual decrease in the bond strength and gap formation over time. 48 One of the limitations of the current study was the failure to simulate all clinical conditions such as cyclic loading. Limited sample size, using two different tooth types, difficult standardization of the preparations, casting and cementing, and not using pre-capsulated GI were other limitations of this study. Comparison of different types of resin-based luting agents and evaluating the microleakage at the luting agent/post interface with an electron microscope could be the subject of future studies.
Conclusions
Within the limitations of this study the following conclusions were drawn:
1. None of the studied luting agents provided an ideal coronal seal. 2. Zinc phosphate luting agent yielded the highest and Panavia F 2.0 caused the lowest degree of microleakage.
